This study aims to identify the 50 most highly cited articles on dual energy computed tomography (DECT) in abdominal radiology.
Background
Dual energy computed tomography (DECT, or dual energy CT) is an emerging technology that involves the use of CT data at two different energy levels (e.g. at 80 and 140 kV). The characteristic attenuation patterns of different materials at these different energy levels provide advantages that are not available from traditional single energy CT (SECT), such as obtaining virtual unenhanced images using material subtraction as well as the improved ability to identify substances composed of various chemical elements [1] . The last decade saw extensive research exploring the diagnostic potential of DECT [2] . It is thus important to examine the existing literature and analyze the trends of this rapidly advancing field.
Bibliometric analysis, a quantitative analysis of research literature, provides an objective method to measure the research output of a research field, researchers, or research articles [3] . Citation analysis, in particular, is widely used Signature: © Pol J Radiol, 2017; 82: 748-759 DOI: 10.12659/PJR.904075 to estimate the impact of research, based on the idea that the more influential research work is, the more likely it is to be cited by fellow researchers [4] . As a result, citation analysis has been used to help benchmark performance of individual researchers and organizations, identify priority areas for providing support, and justify the return on investment in research funding [5, 6] . In the clinical application of radiology techniques, bibliometric and citation analysis can reveal the emergence of novel techniques and topics, identify influential researchers and potential collaborators, and suggest future research directions [7] [8] [9] [10] . Despite its importance, our literature search did not reveal any bibliometric analysis on the clinical application of DECT.
In this study, we performed a focused bibliometric analysis on the application of DECT in abdominal radiology, which encompasses several organ systems. The purpose was to identify the 50 most highly cited articles and to identify specific features that contribute to highly cited literature in this field.
Material and Methods
Ethical approval was not required for this study because it was a retrospective evaluation of publicly available research literature.
Literature search
To analyze the most highly cited articles on dual energy computed tomography (DECT) in abdominal radiology, a literature search was conducted on March 6th, 2017 using the Thomson Reuters Web of Science All Databases, which includes more than 12,000 academic journals. We searched without year or language restriction using the following search steps:
1. Topic=(("Dual energy" NEAR/1 "computed tomography") OR ("Dual energy" NEAR/1 "CT") OR "DECT" OR "Spectral computed tomography" OR "Spectral CT") Returned 3,493 articles.
2. Topic=("Abdomen" OR "Abdominal" OR "Aorta" OR "Spleen" OR "Splenic" OR "Gall bladder" OR "Adrenal" OR "Stomach" OR "Gastric" OR "Gastrointestinal" OR "Intestine$" OR "Colon" OR "Colorectal" OR "Liver" OR "Hepatic" OR "Portal" OR "Bile" OR "Biliary" OR "Kidney" OR "Renal" OR "Bladder" OR "Urinary" OR "Pancreas" OR "Pancreati*" OR "Inferior vena cava") Returned 6,425,915 articles.
3. Topic = ("Hemochromatosis" OR "Endovascular NEAR/2 Repair" OR "EVAR" OR "Enterography" OR "Urography" OR "Colonoscopy" OR "Gallstone$" OR "Hemorrhage" OR "Haemorrhage")
Returned 463,892 articles.
"1 AND (2 OR 3)"
Returned 953 articles.
All data fields of the 953 articles returned from the literature search were downloaded from the Web of Science to a local database, including authors, title, journal, volume, issue, beginning and ending pages, publication date and year, abstract, citation count in Web of Science All Databases, etc.
These articles were then ranked by average yearly citation, which was calculated as follows: Total citation count from Web of Science All Databases/Number of years between publication and March 2017, accurate to month (1/12th of a year).
Screening
Our inclusion criteria included original research in the field of DECT in abdominal radiology. Excluded were: 1) systemic reviews, pictorial reviews and meta-analyses; 2) case reports; 3) studies that did not include human subjects, or exclusive phantom studies; 4) articles that studied the DECT technique without a primary focus on abdominal organs/conditions. Two board certified, fellowship trained staff radiologists examined each article, in the descending order of average yearly citation, against the inclusion and exclusion criteria, until a total of 50 most highly cited articles were identified. Further data were then extracted from these 50 articles for subsequent data analysis, such as number of authors, departmental affiliation and country of the first author, study type (prospective or retrospective), sample size, DECT technology, scanned organ, and the pathology involved. Quantitative variables were summarized by range, mean, and median. 
Results

Year of publication
As shown in Figure 1 , these 50 articles were published from 2007 to 2017, with a peak of publication between 2010 and 2013.
Authors
The number of authors for each article ranges from 4 to 13, with a median of 7 authors. (10) 
Country of origin
The country of origin was determined as the country of the primary affiliation of the first author. The 50 articles originated from 9 countries, with the most from the United Table 1 continued. The 50 most highly cited articles on DECT in abdominal radiology, ranked in descending order of average yearly citation. Table 2 . Journals that published the 50 most highly cited articles on DECT in abdominal radiology, ranked in descending order of number of articles published.
Rank
States of America (16 articles), Germany (13 articles), China (7 articles), and Italy (6 articles). Table 3 lists these 9 countries with the number of articles from that country.
Study design
Out of the 50 articles, 27 articles (54%) used prospective study design, and 23 articles (46%) used retrospective study design. The sample size ranged from 11 to 202, with a mean of 63.6.
DECT technology
Various technologies have been developed to acquire dualenergy CT images. In these 50 articles, most studies used the Dual Source method (35 articles, 70%), which utilizes two separate X-ray sources placed perpendicularly. Fourteen other studies (28%) used the Rapid Kilovoltage Switching method, with one single X-ray source rapidly switching between two energy levels. One study (2%) used the Sequential Scanning method, where the scans of two energy levels were achieved separately (Table 4) .
Investigated organ and pathology
Nine articles covered more than one organ, and the most investigated organs were the liver (24%), the kidney (16%), the urinary tract (including the kidney, collecting system, ureter, and bladder, 15%), and the pancreas (12%).
Forty of the 50 articles involved a specific pathology. The most investigated pathology was urinary calculi (28%), followed by renal (23%), hepatic (20%), and pancreatic (15%) lesion/tumor (Table 5 ).
Discussion
In this study, we revealed interesting trends in the application of DECT in abdominal radiology, by identifying and analyzing the 50 most highly cited articles. These articles were published between 2007 and 2017, consistent with the developmental history of the DECT technology. Even though the concept of DECT in clinical diagnosis was realized in as early as 1970s, it did not gain widespread clinical use until the introduction of dual source CT in 2006 [11] . Most of these articles were published in a window period between 2010 and 2013.
We ranked the articles using average yearly citation, instead of total citation, with the intention to recognize highly cited articles that were published recently, which may not have had sufficient time to accumulate a high total citation count [12] . Our list thus includes many recent articles, including one published in January 2017 that has already been cited. This approach, however, may overlook earlier influential articles producing widely accepted findings that gradually became common knowledge in the field and were thus no longer cited (also called the "obliteration by incorporation" bias [13] ). This impact, however, should be quite limited in our study, because almost all DECT articles were published in the past decade. These most highly cited articles typically have large numbers of authors, which could reflect on the highly collaborative nature of DECT research. Notably, almost all first authors were primarily affiliated with radiology departments, even though the investigated abdominal pathology was related to a number of medical and surgical specialties. This perhaps reflects the infancy of such research, i.e., still being optimized and validated, which speaks to the exciting potential this field can bring into future application in clinical scenarios.
These studies covered a wide range of organs (from the liver, kidney, urinary tract, pancreas, to the abdominal aorta, portal vein, adrenal glands, stomach and spleen, etc.) as well as abdominal pathology, demonstrating the diverse applications of DECT in abdominal radiology. Many of these articles involved the optimization and validation of unique features of DECT, such as the use of virtual unenhanced imaging, virtual monoenergetic imaging, radiation dose reduction, and metal artifact reduction, suggesting the potential widespread application of DECT in future.
Limitations
In this study, we only used one literature source, the Thomson Reuters Web of Science All Databases, because of its large collection and its comprehensive citation tracking. Not combining with searches from other major databases could theoretically limit the comprehensiveness of our search results. This concern was, however, mitigated by the fact that we only focused on the most highly cited articles. From our experience in bibliometric research, almost all highly cited articles were published in an overlapping pool of established journals that were generally indexed by most major literature search engines [7, 9, 10, 14] .
Conclusions
In conclusion, we examined the 50 most highly cited articles in the field of DECT in abdominal radiology, and identified important patterns such as investigated organ and pathology, utilized DECT technology, study design, sample size, country of origin, and publishing journal. These results reflect the exciting potential and increasing role of DECT in clinical practice, and may guide the future research in this field. 
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